The Pierre Auger Observatory (Auger) in Mendoza, Argentina and the Telescope Array (TA) in Utah, USA aim at unraveling the origin and nature of Ultra-High Energy Cosmic Rays (UHECR). At present, there appear to be subtle differences between Auger and TA results and interpretations. Joint working groups have been established and have already reported preliminary findings. From an experimental standpoint, the Surface Detectors (SD) of both experiments make use of different detection processes not equally sensitive to the components of the extensive air showers making it to the ground. In particular, the muonic component of the shower measured at ground level can be traced back to the primary composition, which is critical for understanding the origin of UHECRs. In order to make direct comparisons between the SD detection techniques used by Auger and TA, a joint SD experimental research program is being developed. In the first phase, two Auger SD stations were deployed at the TA Central Laser Facility to compare station-level responses. This paper concentrates on the results obtained with the first Auger SD station (an "Auger North" design), which has been operating since October 2014. The second Auger SD station, identical to the ones being operated at Auger in Argentina (an "Auger South" design), was just deployed in June 2015. The second phase of this research program will be to co-locate six Auger North SD stations with TA stations in the field to compare event-level responses. 
Introduction
The Pierre Auger Observatory [1] , which is located in Mendoza province, Argentina, is a hybrid instrument to detect cosmic-ray induced air showers. It combines a surface detector array (SD) with fluorescence telescopes making up the fluorescence detector (FD) overlooking the SD. The Auger SD consists of 1660 water-Cherenkov stations placed on a triangular grid with 1.5 km spacing, covering an area of 3000 km 2 . The Telescope Array (TA) experiment [2] , which is located in western Utah, USA, consists of 507 scintillation counters, placed on a square grid with 1.2 km spacing, covering 700 km 2 , also combined with an array of FD telescopes. Both experiments study the spectrum, the origin, and the composition of UHECR.
Recently, joint working groups have been investigating some differences between Auger and TA results, e.g. the energy at which the flux suppression occurs [3] , the interpretations of that suppression, and the composition of the UHECR primaries at the highest energies [4] . From a detection standpoint, the Auger and TA SD are not equally sensitive to the different air shower components. The Auger SD is sensitive to both the muonic and electromagnetic components and responds differently to each. The TA SD only measures charged particles and sees them all equally. Since most particles close to the core are electromagnetic, this is mostly what is measured. The muon component from air showers is an indicator of the primary cosmic ray composition and can provide a clue to revealing the origin and the acceleration mechanisms of UHECR. However, the number of muons observed with the Auger SD for each shower indicates a muon deficit in the air shower Monte-Carlo simulations [5] . The deficit ratio depends on the hadron interaction model. The number of muons observed in the data is 30% (EPOS LHC) to 80% (QGSJET II-03) larger than that of the simulation assuming proton primaries at 10 19 eV [6] . Understanding the origin of the discrepancy between measurements and models is critical.
In order to make direct comparisons between the SD detection techniques used by Auger and TA, a two-phase joint experimental research program is followed. The first phase consists in comparing station-level responses. In late October 2014, a water Cherenkov tank (of the "Auger North" design [10] ) was deployed at the TA Central Laser Facility (CLF) [7] , where the TA muon detector project is also ongoing [8] . In June 2015, a second water Cherenkov detector identical to those in Auger South was deployed adjacent to the Auger North SD station. The second phase will consist of deploying six Auger North SD stations alongside existing TA SD stations to allow for event-level comparisons of relatively low-energy showers with energies in the 10 18 eV range. In this paper, we present the status and prospects of this joint research project, including the measurement of the first Auger North SD data that were recorded in coincidence with TA SD shower triggers.
Experiment
The Auger South SD station is a water Cherenkov tank with three photomultiplier tubes (PMTs) that are symmetrically distributed at a distance of 1.2 m from the center of the tank [9] . The tank is 1.5m tall and has a footprint of 10 m 2 . It is filled to a depth of about 1.2 m with about 10 MΩ-cm resistivity water. The water is contained in a flexible, laminated liner conforming approximately to the inner tank surface. The innermost lamination consists of Tyvek R ⃝ . The Cherenkov light from air shower particles is diffusively reflected inside the water volume and viewed by the PMTs through optical windows. The signals are processed using front-end electronics having six 10-bit Fast Analog to Digital Converters (FADCs) running at 40 MHz. A dynamic range of 15 bits is realized using signals derived from the anode and from the last dynode (×32). The digitized signals are sent to a programmable logic device board used to make various triggering decisions.
The Auger North SD station is a one PMT water Cherenkov surface detector used in the Pierre Auger Research and Development Array in Colorado, USA [11] . It is a cost-effective version of the Auger South SD station, with the same footprint, height and water volume. The Auger North and South SD stations deployed at the TA CLF are shown in figure 1 . The design of the electronics for the Auger North surface detector is based on the one used at the Auger South SD. In this case however, the digitization is performed with commercial 10-bit ADCs with 100 MHz sampling rate. The dynamic range is extended to 22 bits, using signals derived from the anode (×0.1, ×1 and ×30) and from a deep (5 th out of 8) dynode.
The TA SD station is composed of two layers of plastic scintillator with two PMTs, one for each layer [12] . It has an area of 3 m 2 and each layer has 1.2 cm thickness. The scintillators and PMTs are contained in a stainless steel box which is mounted under a 1.2 mm thick iron roof to protect the detector from large temperature variations. Photons that are generated in the scintillator are collected by wavelength shifting fibers and read out by PMTs. The signals from PMTs are digitized by a commercial 12-bit FADC with a 50 MHz sampling rate on the CPU board.
Analysis and Results
In order to start collecting data immediately after its deployment, the Auger North SD station was configured to record data locally. This was done by installing a large capacity (512GB) flash drive directly onto the local station controller. The second level trigger (T2) data, obtained from the standard Auger calibration procedure [1] , were obtained and written on the drive at a rate of about 20 Hz. Only a very small fraction of those events arises from UHECR showers. A smaller dataset of atmospheric muons from the T1 trigger (100 Hz) was also collected to derive the Vertical Equivalent Muon (VEM) calibration from the single muon energy loss spectrum. In this analysis, the data from two observation periods are used; the first is Oct. Figure 2 (right) shows the histogram of pulse areas obtained from the FADC traces from the data and from the simulation. The air shower simulations were performed with CORSIKA in which the QGSJET II-04 hadronic interaction model was used and the SD station geometry and response were simulated with GEANT4. The features of the spectrum are typical. The first peak corresponds to the residual noise suppressed by setting a threshold on the FADC integrated pulses. The second peak is the so-called "muon hump" from which the VEM can be deduced. As can be seen, the overall shape of the spectrum can be well described by the simulation. Figure 3 shows the evolution over time of the peak position of the single muon histogram. The VEM calibration appears to be relatively stable with small day/night (temperature-related) variation. An anomalous shift is observed around the time the flash drive is swapped. It is unclear at this time what caused this anomaly.
To identify actual UHECR shower events recorded by the Auger North SD station, the T2 timestamps are extracted and checked against the TA SD event trigger time within a ± 32 µs window, corresponding to the time scale of a TA SD shower event. Air showers are reconstructed with the TA SD array using the method developed for the measurement of the energy spectrum by TA [16] . The air shower reconstruction program eliminates the events with poor resolution. In this analysis, we use the loose-cut selection criteria described in [17] to gain larger statistics.
Once the timestamp matching process is completed, 17 Auger North SD events are obtained in coincidence with TA SD loose-cut pass events. Among them, 10 events have core positions within 5 km of the Auger North SD. Figure 4 shows the display of a coincidence event. Also shown on the figure are the waveforms of the 5 TA SD and the Auger North SD stations associated with the air shower event. Based on the TA reconstruction, the energy and zenith angle of the primary cosmic ray are respectively 3.04 × 10 18 eV and 46.8 degrees. Figure 5 (left) shows the waveform of the Auger North SD. The signal area is about 40 VEM (≃ 4 VEM / m 2 ) at about 1600 m from the shower core. The current event selection criterion for Auger-TA coincident events is that the Auger North SD trigger time is within ± 32 µs of the TA SD shower trigger time, but this condition possibly includes SDs triggered by background muons. Figure 5 (right) shows the corresponding distribution of the station trigger time as function of the distance between the stations and the shower core along the shower axis projected onto the ground. The Auger SD appears as the earliest trigger time among the SDs. The feature is consistent with the reconstructed shower geometry shown in figure 4 . The other events present similar features.
Since March 2015, a third period of observation is ongoing, hence more results may be shown by the time of the conference. In June 2015, the second Auger SD station was deployed in the field. Both Auger SD stations at the CLF are now connected to a single board computer (SBC), which can be accessed remotely. In the near future, a TA SD station will be installed at the CLF and a local trigger will be formed between the Auger and TA SD stations, including the larger muon detector also installed at the CLF. Both the local and TA shower triggers will be provided to the Auger SBC to request data collection from the Auger SD stations. In this way, only data from higher level triggers will be collected. By combining the information of the three detector types, one will be able to thoroughly compare the response of the individual Auger and TA SD stations and estimate the relative contributions of the muon and EM components at the CLF location for showers triggered by TA.
The second phase of this joint collaboration aiming at making event-level comparisons will require the deployment of six contiguous Auger North SD stations alongside existing TA SD stations. The site for such a micro-Auger array has been identified and the deployment will occur towards the end of the year. The current plan is to have the Auger SD micro-array trigger independently to compare trigger efficiencies and energy estimators. Information from the Auger and TA lateral distribution functions should also provide insights on the muon and EM components of the observed showers.
Summary
A joint Auger-TA experimental research program studying the difference in SD responses is ongoing. Initial results are promising. The Auger North SD station VEM calibration appears to be well understood by the simulation, and first Auger-TA SD coincidences have been observed by matching the Auger SD station timestamps to the TA shower trigger in post processing. In June 2015, a second Auger (South) station was deployed in the field, and both Auger SD stations were connected to a SBC inside the CLF. This opens the door to the direct collection of higher-level local and global triggers allowing for more robust studies. The joint collaboration is also actively preparing the development of a micro-Auger array within TA for event-level comparative studies. 
